Sucrose synthase (UDPglucose: )-fructose 2-a-D-glucosyl transferase, EC 2.4.1.13) has been purified from the plant cytosolic fraction ofsoybean (Glycine max L. Merr cv Williams) nodules. The native enzyme had a molecular weight of 400,000. The subunit molecular weight was 90,000 and a tetrameric structure is proposed for soybean nodule sucrose synthase. Optimum activity in the sucrose cleavage and synthesis directions was at pH 6 and pH 9.5 respectively, and the enzyme displayed typical Michaelis-Menten kinetics. Soybean nodule sucrose synthase had a high affinity for UDP (K,,,, 5 micromolar) and a relatively low affinity for ADP (apparent K,,,, 0.13 millimolar) and CDP (apparent K,,, 1.1 millimolar). The K,, for sucrose was 31 millimolar. In the synthesis direction, UDPglucose (K.,, 0.012 millimolar) was a more effective glucosyl donor than ADPglucose (K,,, 1.6 millimolar) and the K,. for fructose was 3.7 millimolar. Divalent cations stimulated activity in both the cleavage and synthesis directions and the enzyme was very sensitive to inhibition by heavy metals.
The symbiotic fixation ofdinitrogen in root nodules oflegumes depends on the supply of photosynthate from the host plant (21) . Sucrose is the main carbohydrate translocated into the nodules (4) , providing nutrients for the bacteroids, energy for nitrogenase, and carbon skeletons for the assimilation of fixed NH44. The breakdown of sucrose in nodules is thought to take place in the plant cytosolic fraction (21) , but there is only limited information on the enzymes involved.
In plant tissues, sucrose may be cleaved by the action of invertase (i%D-fructofuranoside fructohydrolase, EC 3.2.1.26) or sucrose synthase (UDPglucose: i)-fructose 2-a-i>.glucosyltransferase, EC 2.4.1.13) (1, 3, 20) . Invertase has been found in soluble extracts of nodules of Ornithopus sativus, Lupinus luteus (12) , L. angustifolius (23) , and soybeans (26) . The properties of soybean nodule alkaline invertase have been described (13) . The presence of sucrose synthase in legume nodules was first reported in a recent communication from this laboratory (13) .
In the present investigation, a highly purified preparation of sucrose synthase has been obtained from the plant cytosolic fraction of soybean nodules. The enzyme appeared to be one of the major proteins in the nodule cytosol. Soybean nodule sucrose synthase had a high affinity for UDP (Kin, 5 jAM) and the Km for sucrose was 31 mM. In the synthesis reaction, UDPglucose was a more effective glucosyl donor than ADPglucose. KIQKh, + KA+ KaB +AB
Kinetic constants for ADP, CDP, and ADPglucose were calculated by nonlinear regression analysis of initial velocity data as described by Duggleby (9). Gel Electrophoresis. PAGE was carried out according to the method of Davis (7) and gels were stained for protein (10) A single band was observed in gels that were stained for sucrose synthase activity following electrophoresis of the crude plant soluble fraction of soybean nodules (Fig. 1 ). The active band had the same mobility as one of the prominent protein bands in the gels (Fig. 1) . PAGE of the purified soybean nodule sucrose synthase showed the presence of one major protein band as well as a faint band of higher mobility (Fig. 1) . The major protein band coincided with single bands detected when gels of the purified enzyme were stained for sucrose synthase activity and carbohydrate (Fig. 1) .
The mol wt of the native enzyme, as determined by PAGE, was 380,000 ± 20,000. A value of412,000 ± 25,000 was obtained by gel filtration. A single polypeptide band with a mol wt of 90,000 ± 2,000 was observed when the soybean nodule sucrose synthase was subjected to SDS-PAGE.
Effect of pH. The effect of pH on soybean nodule sucrose synthase is shown in Figure 2 . Optimum activity in the cleavage direction was at pH 6 and activities of 90% or greater of the maximum were observed between pH 5 and pH 7. In the synthesis direction optimum activity was at pH 9.5 and activities of 90% or greater than the maximum were observed between pH 8.5 and 10 (Fig. 2) (Fig. 3) . Replots of the slopes and intercepts Effect of Metabolites. Soybean nodule sucrose synthase was inhibited by glucose. In the cleavage direction, activity was inhibited 25% and 50% by glucose concentrations of 2 and 5 mm, respectively. The synthesis reaction was inhibited 25% by 5 mm glucose. There was no effect on the cleavage activity by UTP (final concentration, 5 mM), ATP (5 mM), or allantoin (5 mM). UTP (5 mM) and ATP (5 mM) inhibited the sucrose synthesis reaction by 50% and 15%, respectively, while allantoin (5 mM) stimulated synthesis activity by 43%. The following metabolites (final concentration, 5 mM) had no effect on the cleavage or synthesis reactions: galactose, mannose, maltose, raffinose, glucose-l-P, glucose-6-P, fructose-6-P, fructose-1,6-P2, 3-P-glycerate, P-enolpyruvate, ethanol, succinate, 2-oxoglutarate, glutamate, glutamine, NAD, AMP, and PPi.
Effect of Salts. Na+, K+, and NH4' (final concentration, 50 mM), added as the Cl-salts, had no effect on the cleavage or synthesis reactions of soybean nodule sucrose synthase. The Nodule Sucrose Synthase Activity was determined as described using assay E. The kinetic parameters were obtained by fitting the data of Figure 4 to equation I using the method of Cleland (6 Table IV . Nucleotide Specificity ofSoybean Nodule Sucrose Synthase Activity was determined as described using assay C. The kinetic constants were calculated by weighted nonlinear regression of the initial rate data using the method of Duggleby (9 (24, 25) . Thus, although the s shown in Figure 5 . All stimulated activity by reaction catalyzed by sucrose synthase is readily reversible, the proximately 2-fold, but the degree of stimula-enzyme is likely to act predominantly in the breakdown of !+ and Ca2+ decreased at concentrations above sucrose in soybean nodules. The higher affinity of the enzyme )ectively (Fig. 5 ).
for UDP than for UDPglucose, and the strong inhibition of itors. Soybean nodule sucrose synthase was sucrose synthesis by UDP, would also favor the cleavage reaction. metals. In the cleavage direction, activity was Inhibition of the cleavage reaction by the products UDPglucose I gM HgC12 or CuSO4. The cleavage reaction and fructose is unlikely to be metabolically significant, but there by 0.9 uM HgC12 and 6 AM CuSO4, respec-may be inhibition by glucose in vivo. Streeter (25) has shown concentration, 5 mM), GSH (5 mM), 2-mer-that the mean concentration of glucose in soybean nodules is 1.4 IM), and EDTA (50 mM) had no effect on the mg/g fresh weight.
sis reactions. Both sucrose cleavage and syn-The plant cytosolic fraction of soybean nodules contains alted 60% by 20 mM imidazole-HCI. Tris-HCI kaline invertase and sucrose synthase (I13). Both enzymes appear the cleavage reaction by 25% but had no effect to be regulated mainly by the availability of sucrose. Alkaline action.
invertase (Km. 10 23- fold yielded a preparation of the sucrose synthase which was close to homogeneity. Sucrose synthase is one of the major soluble proteins in maize kernels (27) , and the enzyme constitutes 1% of the soluble protein in bamboo shoots (28) .
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